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(54) Mold clamping mechanism of molding machine 

(57) A ball spline nut is provided in each of tie bar 
penetrating holes formed in a moving platen constituting 
a mold clamping mechanism of an injection molding ma- 
chine. On the other hand, a portion of a tie bar one end 
of which is fixed to a stationary platen, engaging with 
the tie bar penetrating hole in the moving platen, is made 
a ball spline shaft. Since there is no clearance between 
the ball spline shaft and the ball spline nut engaging 
therewith, in mold clamping and mold releasing proc- 
esses, the posture of a movable mold attached to the 
moving platen with respect to a stationary mold attached 
to the stationary platen is always kept constant. 
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Description 

[0001 ] The present invention relates to a mold clamp- 
ing mechanism of a molding machine such as ah injec- 
tion molding machine. 

[0002] In a conventional mold clamping mechanism 
of a molding machine such as an injection molding ma- 
chine, a stationary platen and a rear platen are usually 
connected to each other by four tie bars, and a moving 
platen is disposed between the stationary platen and the 
rear platen. The moving platen has four tie bar penetrat- 
ing holes, and a tie bar passes through each of these 
holes. 

[0003] A movable mold is attached to a face of the 
moving platen, opposed to the stationary platen, and a 
stationary mold is attached to a face of the stationary 
platen, opposed to the moving platen. To perform mold 
clamping or mold releasing, the moving platen is moved 
toward or away from the stationary platen by a driving 
source such as an electric motor and a hydraulic cylin- 
der. 

[0004] When the moving platen is moved, the tie bars 
serve as a guide. In the tie bar penetrating hole formed 
in the moving platen is installed a bush serving as a slid- 
ing bearing. The tie bar passes through the bush. 
[0005] A problem with the conventional mold clamp- 
ing mechanism is that if the injection molding machine 
is used for a long period of time, a clearance or play 
between the bush installed in the penetrating hole 
formed in the moving platen and the tie bar increases. 
As a result, the moving platen guided by the tie bars tilts, 
so that a face of the movable mold attached to the mov- 
ing platen and a face of the stationary mold attached to 
the stationary platen become non-parallel with each oth- 
er. 

[0006] In the mold releasing process, if the face of the 
movable mold is not parallel with the face of the station- 
ary mold, there occurs a phenomenon such that a part 
of the face of the movable mold is separated from a part 
of the face of the stationary mold while other parts of the 
face of the movable mold remain in contact with other 
parts of the face of the stationary mold. If such a phe- 
nomenon occurs when a high precision part such as a 
lens is molded by using an injection molding machine, 
a strain such as a tensile stress is imparted to a molded 
product, so that a possibility of molding a defective prod- 
uct increases. 

[0007] To avoid this phenomenon, a technology has 
been proposed in which a straight guide is provided on 
a base frame of the molding machine to guide the mov- 
ing platen by using the straight guide. The purpose of 
this technology is to prevent the moving platen from tilt- 
ing so that the moving platen is kept parallel with the 
stationary platen. 

[0008] However, since the straight guide does not 
support the upside of the moving platen though support- 
ing and guiding the downside (base dame side) thereof, 
it cannot restrain a tilt of the upside of the moving platen. 



Also, although the straight guide can prevent the moving 
platen from tilting transversely with respect to the travel 
direction of the moving platen, it has a problem in that 
it is difficult to prevent a longitudinal tilt. 

5 [0009] An object of the present invention is to provide 
a mold clamping mechanism of an injection molding ma- 
chine, in which a face of a movable mold attached to a 
moving platen is kept parallel with a stationary mold at- 
tached to a stationary platen to prevent the moving plat- 

io en, sliding while being guided by tie bars, from tilting 
with respect to the tie bars. 

[0010] With the above object in mind, in the present 
invention, a ball spline nut is provided in a tie bar pen- 
etrating hole formed in the moving platen, and at least 

'5 a portion of the tie bar which slides with respect to the 
moving platen is made a ball spline shaft. In this way 
engagement of tie bar with the moving platen is made 
a ball spline connection. Thereby, a clearance or play 
between the tie bar and the moving platen is eliminated, 

zo so that the posture of the moving platen can always be 
kept constant. 

[001 1 ] Also, a hole for inserting a sensor for measur- 
ing a strain of the tie bar to make measurement and ad- 
justment of a mold clamping force developed by the tie 

25 bar is formed in the tie bar along the axial direction from 
the end face central portion of the tie bar. The number 
of the tie bars is four, and two or more of the ball spline 
nuts are provided for every tie bar, so that a tilt of the 
moving platen can be prevented more reliably 

30 [0012] According to the present invention, since the 
moving platen is not tilted even when it slides whiie be- 
ing guided by the tie bars, when the injection molding 
machine is in a mold releasing process, the whole area 
of the face of the movable mold attached to the moving 

35 platen separates temporarily from the face of the sta- 
tionary mold attached to the stationary platen. There- 
fore, a strain such as a tensile stress is not applied to a 
molded product, so that highly accurate product can be 
molded. 

40 [0013] For a better understanding of the invention, 
and to show how the same may be carried into effect, 
reference will now be made, by way of example, to the 
accompanying drawings, in which:- 
accordance with one embodiment of the present inven- 
ts tion; and 



FIG. 2 is an explanatory view of strain measurement 
for a tie bar in the embodiment 
FIG. 3 shows one example of a ball spline nut em- 
ployed in the mold damping mechanism shown in 
FIG. 3. 



50 



[0014] An outline of a mold clamping mechanism of 
an injection molding machine in accordance with one 
55 embodiment of the present invention will be described 
with reference to FIG. 1 . 

[0015] A stationary platen 2 is fixed on a base frame 
1 of an injection molding machine. To the stationary plat- 
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en 2 is fixed one end of each of four tie bars 5. The other 
end of the tie bar 5 passes through a rear platen 3 sup- 
ported on the base frame 1 . 

[0016] A face of the stationary platen 2, opposed to 
the rear platen 3, has a square shape, and also a face 5 
of the rear platen 3, opposed to the stationary platen 2, 
has a square shape. One end of each of the four tie bars 
5 is fixed at each of four comers of the stationary platen 
2, and the other end thereof passes through each of four 
comers of the rear platen 3. FIG. 1 shows only two of 
the four tie bars 5. 

[001 7] One end of the tie bar 5 is fixed to the stationary 
platen 2 by using fastening means such as a nut, while 
the other hand, the other end of the tie bar 5 is attached 
to the rear platen 3 so that the rear platen 3 can move 
along the tie bar 5 via a mold thickness adjusting nut 8. 
[0018] The mold thickness adjusting nut 8 has a pin- 
ion 9 fixed thereto. A chain (not shown) is set between 
the pinions 9 provided on the four tie bars 5, and the four 
pinions 9 are rotationally driven in synchronism with 
each other by a mold thickness adjusting drive means 
(not shown) such as a servomotor, by which the rear 
platen 3 is moved on the base frame 1 in the axial di- 
rection of the tie bar 5. By the movement of the rear plat- 
en 3, a distance between the rear platen 3 and the sta- 
tionary platen 2 is adjusted. As a result, a predetermined 
mold clamping force at the time of mold clamping can 
be obtained according to the thickness of a mold used. 
[0019] Further, a moving platen 4 is disposed be- 
tween the stationary platen 2 and the rear platen 3. The 
moving platen 4 is formed with tie bar penetrating holes 
at four corners thereof Through each of the tie bar pen- 
etrating holes, the tie bar 5 passes. 
[0020] Between the rear platen 3 and the moving plat- 
en 4, a toggle mechanism 11 is provided. When a cross 
head 11a of the toggle mechanism 11 is actuated by a 
driving source 1 0 such as a servomotor fixed to the rear 
platen 3, the moving platen 4 moves in such a direction 
as to go away from or come close to the rear platen 3. 
[0021] A stationary mold (not shown) is mounted on 
a face of the stationary platen 2, opposed to the moving 
platen 4, while a movable mold (not shown) is mounted 
on a face of the moving platen 4, opposed to the sta- 
tionary platen 2, The driving source 10 is driven to ac- 
tuate the toggle mechanism 1 1 so that the moving platen 
4 is moved along the tie bars 5, by which the opening 
and closing of the mold (stationary mold and movable 
mold) and mold clamping are performed. 
[0022] The above-described configuration is the 
same as that of a conventional toggle type mold damp- 
ing mechanism. 

[0023] In the present invention., a ball spline is formed 
on the tie bar 5 at least in a range in which the moving 
platen 4 slides, providing a ball spline shaft 7. On the 
other hand, a pair of ball spline nuts 6a and 6b are pro- 
vided in the penetrating hole formed in the moving plat- 
en 4 through which the tie bar 5 passes. Specifically, in 
the present invention, in place of the bush (sliding bear- 



ing provided in the tie bar penetrating hole, a single or 
a plurality of ball spline nuts are provided. Further, cor- 
responding to these ball spline nuts, a range engaging 
with the tie bar penetrating hole in the moving platen 4 
of the tie bar 5 is formed into the ball spline shaft 7. In 
this respect, the mold clamping mechanism in accord- 
ance with the present invention differs from the conven- 
tional one. 

[0024] FIG. 3 shows one example of a ball spline nut 
employed in the mold clamping mechanism shown in 
FIG. 1 , which comprises an outer cylinder 21 , a retainer 
22, a ball stopping ring 23 and sealing 24. A spline shaft 
25 is inserted into the ball spline nut such that a spline 
shaft 25 can move in the axial direction of the ball spline 
nut Reference numeral 26 denotes balls. 
[0025] In the embodiment shown in FIG. 1, a pair of 
ball spline nuts 6a and 6b are provided in the tie bar 
penetrating hole formed in the moving platen 4. Howev- 
er, the number of ball spline nuts provided in one tie bar 
penetrating hole is not limited to two, and one or" three 
(or more than three) ball spline nuts may be provided. 
If the number of ball spline nuts is increased, the length 
engaging with the ball spline shaft 7 increases, so that 
a tilt of the moving platen 4 can be prevented more se- 
curely. As a result, the posture of the movable mold at- 
tached to the moving platen 4 with respect to the sta- 
tionary mold attached to the stationary platen 2 is kept 
constant more reliably. 

[0026] Thus, to slide the moving platen 4 along the tie 
bars 5, a single or a plurality of ball spline nuts are pro- 
vided in the tie bar penetrating hole formed in the moving 
platen 4, and also a ball spline is formed on the tie bar 
5 at least in a range where the tie bar is engaged with 
the tie bar penetrating hole in the moving platen 4 to 
provide a ball spline shaft 7. A ball (not shown) engages 
with a ball rolling groove of this spline, and a preload is 
given to the ball Therefore, between the ball spline shaft 
7 and the ball spline nut 6a, 6b engaging there with 
(therefore, between the tie bar 5 and the moving platen 
4), a clearance (play) scarcely occurs. Moreover, since 
the tie bar 5 passes through the moving platen 4 at four 
corners thereof the moving platen 4 does not tilt longi- 
tudinally and transversely with respect to the travel di- 
rection of the moving platen 4 (the axial direction of the 
tie bar 5). 

[0027] Thereupon, even if the moving platen 4 moves 
along the tie bars 5 and lies at any position, the posture 
of the moving platen 4 with respect to the stationary plat- 
en 2 is always kept constant. Specifically, the face of the 
movable mold attached to the moving platen 4 is kept 
parallel with face of the stationary mold attached to the 
stationary platen 2. As a result, when the movable mold 
is moved after molding and is released from the station- 
ary mold to remove a molded product (in the mold re- 
leasing process), the whole area of the face of the mov- 
able mold separates temporarily from the whole area of 
the face of the stationary mold. A phenomenon that a 
part of the face of the movable mold is separated from 
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a part of the face of the stationary mold while ther parts 
of the face of the movable mold remain in contact with 
other parts of the face of the stationary mold does not 
take place. Therefore, a high precision part such as a 
lens can be molded with high accuracy. 5 
[0028] Further, each of the tie bars 5 is formed with a 
sensor hole 12 for inserting a sensor 13 for detecting a 
strain of the tie bar 5 so that the sensor hole 12 has a 
predetermined depth from one end face (end face on 
the stationary platen side) of the tie bar 5. FIG. 2 is an 10 
explanatory view of a state in which the sensor 13 is 
inserted in the sensor hole 12 to detect a strain of the 
tie bar 5. 

[0029] The sensor 1 3 used (for example, a strain sen- 
sor produced by Schlaepfer Sensors Ltd. in Switzerland 15 
is provided with a strain gage in a rod-like distal end por- 
tion 13a. The diameter of the distal end portion 13a pro- 
vided with the strain gage is increased by turning the 
proximal end portion to bring the strain gage into close 
contact with the inner peripheral surface of the hole 12 20 
in the tie bar 5, by which a strain of the tie bar 5 is meas- 
ured. 

[0030] In the toggle type mold clamping mechanism 
shown in FIG. 1 , a mold clamping force is applied to the 
mold by the ehongation of the tie bars 5. Therefore, the 25 
strain of the tie bar 5 is measured by using the sensor 
13, and the position of the rear platen 3 is adjusted so 
that a preset mold clamping force is provided. In this 
case, if the strains of the tie bars 5 are equal (under a 
condition that the materials and diameters of the tie bars 30 
5 are equal), it can be thought that an approximately 
equal mold damping force is applied to the whole face 2. 
of the mold. If the strains of the tie bars 5 are not equal, 
it can be thought that an eccentric mold damping force 
develops. 35 
[0031 ] Thereupon, as described above, the sensor 1 3 
is mounted successively in the sensor hole 12 in each 
of the tie bars 5, the mold is clamped, and the strain is 
detected successively. Alternatively, the sensors 1 3 are 3. 
mounted in the sensor holes 12 in the tie bars 5 at the 40 
same time, the mold is clamped, and the strains are 
measured at the same time. Thereby, the effective 
lengths of the tie bars 5 are adjusted so that the strains 
measured on the tie bars 5 are equal and the preset 
mold clamping force is provided 45 4. 

[0032] In this adjustment, a mold thickness adjusting 
motor is driven to turn Ihe nuts 8 of the tie bars 5 syn- 
chronously via the chain and the pinions 9, so that the 
rear platen 3 is moved to change a distance between 
the rear platen 3 and the stationary platen 2, by which 50 5. 
the effective lengths of the tie bars 5 for developing a 
mold clamping force arc adjusted. Further, in order to 
adjust the strains of the tie bars 5 and to balance the 
mold clamping force developing from each of the tie bars 
5, the nut 9 of each of the tie bars 5 is turned individually 55 
to adjust the effective length of individual tie bar 5. 
[0033] Although the toggle type mold clamping mech- 
anism has been described by way of example in the 



above-described embodiment, the present invention 
can be applied to a direct type mold clamping mecha- 
nism in which the moving platen is directly driven by the 
driving source such as a hydraulic cylinder or a servo- 
motor without the use of the toggle mechanism. 



Claims 

1 . A mold clamping mechanism of a molding machine, 
comprising: 

a stationary platen fixed on a base frame of said 
molding machine; 

a plurality of tie bars one end of which is fixed 
to said stationary platen; and 
a moving platen formed with a plurality of tie bar 
penetrating holes, each of said tie bars passing 
through each of said tie bar penetrating holes; 
said moving platen which has a movable mold 
attached to one face thereof being moved along 
said tie bars so as to move toward or away from 
said stationary platen which has a stationary 
mold attached to one face thereof, thereby per- 
forming mold clamping or mold releasing, 
wherein 

a ball spline nut is provided in the tie bar pen- 
etrating hole in said moving platen, and at least 
a portion engaging with said moving platen of 
said tie bar is made a ball spline shaft. 

The mold clamping mechanism of a molding ma- 
chine according to claim 1 , wherein a sensor bole 
for inserting a sensor for detecting an axial strain of 
said tie bar is formed in each of said tie bars in the 
axial direction from the end face central portion of 
said tie bar. 

The mold clamping mechanism of a molding ma- 
chine accoding to claim 1 or 2, wherein the number 
of said tie bars is four, and two or more of said ball 
spline nuts are provided in each of said tie bar pen- 
etrating holes in said moving platen. 

The mold clamping mechanism of a molding ma- 
chine according to any preceding claim, wherein 
said molding machine is an injection molding ma- 
chine. 

The mold clamping mechanism of a molding ma- 
chine according to any preceding claim, wherein 
said moving platen is moved along said tie bars by 
driving a toggle mechanism. 
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(57) A ball spline nut (6a, 6b) is provided in each of 
tie bar penetrating holes formed in a moving platen (4) 
constituting a mold clamping mechanism of an injection 
molding machine. On the other hand, a portion of a tie 
bar (5) one end of which is fixed to a stationary platen 
(2), engaging with the tie bar penetrating hole in the 
moving platen (4), is made a ball spline shaft (7). Since 
there is no clearance between the ball spline shaft (7) 
and the ball spline nut (6a, 6b) engaging therewith, in 
mold clamping and mold releasing processes, the pos- 
ture of a movable mold attached to the moving platen 
(4) with respect to a stationary mold attached to the sta- 
tionary platen is always kept constant. 



FIG. 1 
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